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Program for Annual Meeting 
and Dinner 


Date.—Thursday, Nov. 14, 1935. 
Place.—Waldorf-Astoria Hotel, New York, N. Y. 






HE program for the sixth annual meeting and dinner of 

United States Institute for Textile Research, Inc., presented 
herewith, represents the efforts of the Committee on Meeting to 
prepare a series of meetings and a list of speakers and subjects 
which will fittingly celebrate the close of U. S. Institute’s first 
five years of service to its industry, and cause every member to 
co-operate by attendance in making the occasion the success it 
deserves. 

The program starts with a meeting in the morning (10 A. M.) 
of the Board of Directors, preliminary to the annual meeting of 
members at 11 A. M.; provides for no formal luncheon, but re- 
convenes at 2 P. M. for an open research conference on the sub- 
ject of rayon crépes and eréping problems, and attains its climax 
at the dinner in the evening (7 P. M.). 



















The Dinner Speakers 





For the rare opportunity of having Dr. R. A. Millikan, one 
of the world’s most eminent scientists and research men, as our 
guest and principal speaker at the dinner, we are indebted to our 
president, Francis P. Garvan and William W. Buffum, chairman 
of the Committee on Meeting. Dr. Millikan has not as yet sub- 
mitted the subject of his address, but whether he tells us of his 
researches on the speed of light, or on cosmic rays, he can be de- 
pended upon to interpret such abstruse subjects in a practical and 
interesting manner, for he is a finished speaker. Were he the 
only speaker the dinner could not fail to satisfy every member, 
but they will wish to hear Dr. J. R. Katz, who is directing U. S. 
Institute’s warp sizing research, and also the reports of practical 
applications of recent textile research results by the men re- 
sponsible for them in cotton, wool, silk and rayon mills. 

Members have the privilege of having guests, including their 
ladies, at the dinner. 





















Program for Annual Meeting and Dinner 


Dress may be formal or informal. 


Annual Meeting of the Corporation 


The annual meeting heretofore has been combined with a 
luncheon and a speaking program. This has resulted, in the last 
two years, in unfortunate restriction of time that should have 
been given to discussion and action upon formal reports. Now 
that the Institute’s research activities are increasing, more ade- 
quate time must be available for reports and their consideration, 
and is provided for at the coming meeting. 

Particularly important, and deserving the attention of all 
members, are proposed amendments to the by-laws to be acted 
upon at this meeting. They are designed to make our Research 
Council a permanent body with representation on the Board of 
Directors and Executive Committee. 

Most of the formal reports will be presented in abstract form, 
with complete eopies available to those desiring them. 


The Conference on Rayon Creping Problems 


While the subject of the conference on rayon créping prob- 
lems, to be held at 2 P. M., may not be of direct practical interest 
to all members, nevertheless all should be interested in it as a 
demonstration of the Research Couneil’s plan for approaching 
the undertaking of new researches, which was so successful in 
starting the present warp sizing project. 

This conference is open to all who are interested in the sub- 
ject, and while an effort has been made to extend invitations to 
all interested manufacturers, it is hoped that members will bring 
it to the attention of any who they think should attend. Non- 
members who attend this conference are accorded the same priv- 
ilege as members of attending the dinner and speaking program. 


The Program 


10 A. M.—(Suite 4U) : Meeting of Board of Directors. 
11 A. M.—(Jansen Suite) : Annual Meeting of Members. 
Agenda: 1.—Minutes of last meeting. 

2.—Report of Board of Directors. 
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3.—Report of Treasurer. 
4.—Report of Auditor. 
5.—Report of Secretary. 
6.—Action upon proposed amendments to by-laws. 
7.—Report of Research Council. 
8.—Report of Nominating Committee: Dr. Robert 
E. Rose, Chairman, Joseph Bancroft, Alban 
Eavenson. 
9.—Election of New Directors. 
10.—New Business. 
1 P. M.—Intermission and luncheon. 
2 P. M.—(Jansen Suite) Open Conference. 
Subject—Rayon Crépes and Créping Problems. 
Chairman.—Dr. W. E. Emley, chairman, Research Council. 
Agenda: 1.—The soaking operation and oils and mixtures used 
in this connection. 
2.—Twisting. 
3.—Steaming or Setting. 
4.—Copping. 
5.—Weaving. 
6.—Finishing, including the factors which affect peb- 
ble, hand, and other qualities of the finished 
fabric. 


Discussion to be opened by H. E. Bishop, executive secretary 
Throwsters Research Institute. 

Conference Committee: Dr. H. DeW. Smith, chairman, H. E. 
Bishop, B. L. Hathorne and C. H. Clark. 


The Dinner and Speakers 


7 P. M.—(Astor Gallery): Dinner. (Menu arranged by ‘‘Os- 
car-of-the-Waldorf.’’) 


Toastmaster —PRESIDENT FrANcIs P. GARVAN 
Speakers 
Dr. Ropert A. MILLIKAN 


Chairman executive council California Institute of Technology 
and director Norman Bridge Laboratory of Physics 





Program for Annual Meeting and Dinner 


Dr. J. R. Karz 
Director U. 8S. Institute’s Warp Sizing Research 


Symposium: Recent Practical Applications of Textile Research 
Results 


Cotton.—CHEsLER L. PATTEE 
Wool.—E. O. KRUEGEL 
Silk.—F. A. MENNERICH 
Rayon.—Dr. I. J. Saxn 


The Committee on Meeting: William W. Buffum, chairman, 
Dr. H. DeW. Smith, Prof. E. R. Schwarz, C. H. Clark. 


Dinner Tickets and Reservations 


Advance reservations received for the dinner have already 
been so numerous that those who desire selected seats for them- 
selves or guests are advised to forward their orders promptly. 
Seats will be assigned in order of receipt of reservations, and 
paid orders must be received not later than Nov. 9 if tickets 
are to be mailed. On reservations received later tickets will be 
delivered by the Secretary at the meeting or dinner. 

Dinner tickets are $5.00 each. Address all orders to the 
Secretary, U. S. Institute for Textile Research, 65 Franklin St., 
Boston, Mass. 


Conference on Rayon Créping 


Problems 


JHE conference on rayon crépes and créping problems, to be held at 
T the Waldorf-Astoria (Jansen Suite), New York, N. Y., at 2 P.M., 

Thursday, Nov. 14th, under the auspices of U. S. Institute for Textile 
Research, Inc., will be open to all manufacturers and others interested in 
the problems and in their solution. 

This conference has been planned with the active co-operation of the 
Throwsters Research Institute in order to provide an open forum for an 
exchange of views on the many problems connected with the throwing, 
weaving, and finishing of rayon in ecrépe fabrics. The plan of the con- 
ference will follow, in general, that of the warp sizing conference held in 
1934 which resulted in the warp sizing research program now being carried 
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out by the United States Institute for Textile Research, Inc. A confer- 
ence on rayon erépe problems is particularly opportune at this time because 
the Textile Foundation has granted, through the auspices of the American 
Association of Textile Chemists and Colorists, a fund which has been 
matched by a fund the Throwsters Research Institute has received from 
its members and other branches of the industry. A joint committee com- 
posed of members of the Throwsters Research Institute and the American 
Association of Textile Chemists and Colorists will direct this work. This 
joint committee will contain representatives from all of the contributing 
branches of the industry. 

At this general conference the joint committee will present its views 
and its plans for the above-mentioned study, and it is hoped that the con- 
ference will not only assist this group in the perfection of their plans 
but that it will reveal the broader aspects of the whole subject of rayon 
crépe manufacture and will help to co-ordinate the Throwsters’ program 
with the other phases of the general problem. 

The meeting will be conducted under the chairmanship of Dr. Warren 
E. Emley, chairman of the Research Council of the United States Institute 
for Textile Research, Inc., and the conference will be opened by H. E. 
Bishop, executive secretary of the Throwsters Research Institute. The 
meeting will then be thrown open to discussion from the floor, the subjects 
discussed to be taken up in chronological order, namely (1) the soaking 
operation and oils and mixtures used in this connection; (2) twisting; (3) 
steaming or setting; (4) copping; (5) weaving; (6) finishing, including 
the factors which affect pebble, hand, and other qualities of the finished 
fabric. 

A number of authorities in the several fields connected with the produc- 


tion of crépe fabrics have offered to assist in directing the discussion of 
their several parts of the program. 

The committee in charge of the conference is representative of the 
three organizations directly interested and is as follows: Dr. H. DeW. 
Smith, chairman, H. E. Bishop, B. L. Hathorne and C. H. Clark. 





The Objective Specification of Color 


By ROBERT D. NUTTING * 


Fellow of the Textile Foundation 


HE measurement and specification of color has tended, in 

recent years, to partake more of the precision of a science 
and to show less of the uncertainty of an art. The pressure 
of competition in an economic system dependent upon mass 
production methods has done much to force the dyer and 
others in the field of color to rely more and more upon color- 
measuring and color-specifying devices. Fortunately, the de- 
velopment of new color measuring instruments has provided the 
necessary tools to fit these requirements. It is to be regretted, 
however, that the dyer and colorist have not taken more ad- 
vantage of the assistance that the instruments provide. 

There is, perhaps, a reason for this situation which is in- 
herent in the nature of the problem. For many generations’ 
man has been accustomed to evaluate the color of a material 
by purely visual methods and, although there has always been 
a feeling of dissatisfaction with the precision obtained by this 
method, very little has been done to correct this condition by 
the colorists themselves. The fact that colors may look entirely 
different under two different types of illumination is generally 
appreciated. Two blue samples that appear to match in day- 
light, for instance, may seem entirely dissimilar when compared 
under the artificial illumination of a tungsten lamp. A common 
occurrence is for one of the blues to appear to go slightly green. 
The fact that browns behave similarly (that is, they match when 
compared under some illuminations and not under others) is 
also a well known phenomenon to color matchers everywhere. 

It is generally felt that this problem could be solved if the 


perfect type of illumination for color matching could be ob- 
tained. It should be stated very emphatically, however, that there is no 
perfect illuminant in this sense. The reason for this misunderstanding 


* Dr. Nutting worked under the direction of Prof. Arthur C. Hardy, Dept. 
of Physics, Massachusetts Institute of Technology, Cambridge, Mass. 
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lies in the fact that there always has been an attempt to simplify the 
problem of color measurement rather than to understand it. It has been 
stated often before that the eye is not an analytical instrument, but the 
continued attempts to utilize it for color analysis illustrate that the in- 
ferences of this simple statement have not been sufficiently understood. 
Most of the phenomena of color matching may be explained very simply 
if a few fundamental principles pertaining to the branch of physics 
known as optics are grasped. A color matcher realizing these principles 
would never attempt to match samples visually near a window which faced 
a red brick building and then expect these matches to be accepted by his 
customer who may not have enjoyed the same disadvantages of illumina- 
tion. He would, in fact, understand the practical limitations of matching 
under any single source of illumination, but would be prepared to provide 
a match that will be valid under any source. 


The Instrument Not the Problem’s Solution 


The use of instruments to measure and specify color is not, in itself, 
a solution of the problem. As with all instruments, they must be properly 
designed to meet the specific requirements of the problem and, above all, 
they must be intelligently used. Because of the pressing need for such 
instruments, many have been placed upon the market in recent years. De- 
pending upon the skill of the designer and his understanding of the nature 
of the problem, these instruments may have more or less usefulness. In 
undertaking to use such a device, the dyer or colorist should ascertain, 
through the medium of publications and his trade journals, whether the 
instrument in question has been used sufficiently to produce unequivocal 
results. 

Unlike the ear, the eye is unable to distinguish the various components 
of the stimulus that reaches it. When listening to a symphony, it is fre- 
quently possible to distinguish the various instruments used in the orchestra 
and it is easy, of course, to ‘‘hear’’ the tenor of a male quartette. That 
is, even though the music makes a harmonious blend, it is possible to select 
mentally the individual notes. When we look at the sky on an overcast 
day, it is impossible for us to distinguish in this light the various color 
components of the rainbow. This, in spite of the fact that it is very easy 
to show that all of these components are present. Years ago Newton 
dispersed sunlight into light of various colors by the use of a glass prism. 
A study of this phenomenon disclosed that the differences in color were 
caused merely by differences in the wavelength of light.* The visible 


* Light is propagated in a wave motion through free space with a con- 
stant velocity of approximately 186,000 miles per second. Some of these waves 
have a greater frequency than others and the distance between wave crests (or 
the wavelength) is therefore shorter. This fact may be expressed by the fol- 
lowing equation : E 

Wavelength = velocity 
Frequency 
When a beam of light composed of many wavelengths (white light) enters a 
wedge shaped medium, such as a glass pom, each portion of light is slowed 
down by an amount that depends upon the wavelength. The light is algo devi- 
ated, or bent, and the amount of deviation also depends upon the wavelength. 
The shorter wavelengths, being bent more than the longer ones, are separated 
from them and the result is a separation of the original beam into its individual 
wavelength components. Since each of these wavelength components produces 
a different color sensation when seen by the eye, a colored spectrum results. 
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spectrum, or division of white light into its colored components, is common- 
place and it is generally known that each color corresponds uniquely to 
a wavelength number. The spectrum colors may be very broadly desig- 
nated by the following wavelength numbers: 


400 to 460 millimicrons * 
500 = 
570 es 
590 as 
610 a 
700 ee 


It should be realized that these divisions are extremely broad because 
the colors change continuously from one to the other throughout the spec- 
trum. The analysis of the color of an object consists in determining the 
amount of light reflected (or transmitted) by this object at each wave- 
length of the visible spectrum. This analysis is accomplished by means 
of a spectrophotometer and the results are usually presented in the form 
of spectrophotometrie curves in which the amount of light is plotted against 
the wavelength of the light in the visible spectrum. Two such curves are 
shown in Fig. 1. The usefulness of the spectrophotometric method of 
color analysis will be appreciated when it is understood that the color of 
an object seen by the normal eye under a standardized set of conditions, 
depends only upon the spectral reflectance characteristics of the object 
and upon those of the light source by which it is illuminated. These char- 
acteristics are readily determined by means of a spectrophotometer and a 
spectroradiometer, respectively. The sensitivity of this method of analysis 
has been definitely shown* to exceed that of the human eye. Furthermore, 
the spectrophotometric curve of the sample completely describes its color 
in precise mathematical language. 

This sort of specification is entirely objective and two materials having 
identical spectophotometric curves will always look exactly alike under any 
type of illumination. A purely objective specification of this kind is not, 
however, entirely satisfactory to either the colorist or the psychologist 
because it does not convey in familiar words an evaluation of the color 
sensation. The most common terms used in an effort to describe this 
subjective sensation are brilliance, hue, and saturation, and are defined 
as follows: 2 ‘‘Brilliance is that attribute of any color in respect of which 
it may be classed as equivalent to some member of a series of grays rang- 
ing between black and white.’’ Thus we may cause a color to appear 
progressively duller (or less brilliant) by the addition of black. Another 
illustration of this is the gradual diminution of the brilliance of a colored 
spotlight until the stage has been left in total darkness. 

‘*Hue is that attribute of certain colors in respect of which they differ 
characteristically from the gray of the same brilliance and which permits 
them to be classed as red, yellow, green, or blue.’’ 

The spectrophotometric curves, shown in Fig. 1 for solutions of equal 
concentrations of these dyes, are most revealing. It is seen at once that 
the dyestuffs were assuredly not the same and that the refill designated 
as offshade was a stronger, purer dye than the original standard. The 
irregularities in the curve of the standard would indicate that it and not 


* 25,400,000 millimicrons =1 inch. 
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the offshade had been typed with an adulterant dyestuff. While so much 
has been learned from a mere inspection of the spectrophotometric curves, 
the dyer would like to specify the differences in terms of the three colori- 
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Fig. 1. 


metric specifications. When the dyes are seen under an illumination ap- 
proximating daylight in quality, the values of these terms are found to 


be as follows: 


Dominant * Excitation * 
Wavelength Purity Brightness 


Standard 603.7 millimicrons 58.3% 58.2% 
Offshade r 73.5% 56.9% 


From the table it is seen that the standard was slightly redder than the 
offshade, having a dominant wavelength 3.3 millimicrons greater. A com- 
parison of the purity values shows that the offshade is considerably the 
stronger dyestuff, having an excitation purity 15.2% greater. 

* Values read directly from Fig. 2, the significance of which will be ex- 
plained later. 
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Fundamental Value of Spectrophotometric Curve 


This comparison of the two dyestuffs presents a good example of the 
need for the methods of color specification. While the spectrophotometric 
curves alone gave a quantitative measurement of the differences between 
the dyes, it is not always convenient to speak in terms of curves. It 
should be inferred from this that both methods of color specification have 
their sphere of usefulness and, to explain this relationship more clearly, the 
following analogy might be helpful. Let us suppose that an important 
long-distance telephone call must be made and that the toll for this message 
is known to be exactly $2.00. If we are able to put the call through in 
the presence of an attendant, it is obvious that it is quite immaterial 
whether the money is in the form of a two-dollar bill or in small change. 
However, if the call is to be made at a pay station, it is most necessary 
that the requisite number of nickels, dimes, and quarters be available. 
The possession of a two-dollar bill would be of no use at all, despite the 
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fact that we know that the eall will cost exactly this amount. In a similar 
way, it is often most essential to have our color information in an analyzed 
form. For instance, in certain methods of three-color photography, it is 
important that one of the dyes have a complete absorption of red light. 
It is quite impossible to tell by looking at a dyed gelatine filter that it will 
have this property. In fact, the only description to apply to this minus 
red dye is that it appears to be a bluish-green. This dye could still appear 
a bluish-green and yet have enough transmission in the red to invalidate 
its use for color photography. Having the spectrophotometric curve of 
this particular dye, we can perform a simple mathematical operation and 
describe its color in terms of dominant wavelength, colorimetric purity, 
and brightness. However, if we possessed these three values only, it would 
be impossible to tell whether or not this filter completely absorbs red light. 
It is quite plain then that, while both methods of objective specifications 
are useful, the spectrophotometric curve has by far the more fundamental 
value. 
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Descriptive Values: How Obtained 


In order to understand how the descriptive values given in the pre- 
ceding table were obtained from the spectrophotometric curves and a 
knowledge of the type of illuminant used, the following explanation may 
be found helpful. As a result of extensive experiments carried on over 
a period of more than 100 years, it is known that any color may be matched 
visually by the use of three suitable stimuli mixed additively in proper 
proportions. For the sake of convenience, these stimuli may be considered 
to be three colored lights—say, for instance, a blue light, a green light, 
and a red light. If these lights were produced by dispersing white light 
into a colored spectrum and selecting only a narrow band in each of the 
three spectral regions having the colors mentioned, they would be referred 
to as monochromatic stimuli. They might be produced by placing colored 
filters in front of a tungsten bulb, and in this case they would be referred 
to as heterogeneous stimuli. For the solution of the problem at hand, it is 
entirely immaterial what primaries are selected, provided that no two of 
them will combine to produce the third. We may therefore choose a set of 
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Fig. 3. 


primary stimuli in such a way that their addition in equal amounts will 
produce white and proceed to match each color (i.e., each wavelength of 
monochromatic light) of the visible spectrum by means of suitable com- 
binations of the three stimuli. The amount of each of these three stimuli 
plotted against the wavelength of the light they are combined to match 
throughout the visible spectrum gives a set of three curves, one for 
each stimulus. In the report of the 1931 International Commission on 
Illumination Standard Observer and Coordinate System for Colorimetry,’ 
the three curves representing the average of 17 different observers was 
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obtained. However, the original set of curves was found to be inconvenient 
to use and, by a simple mathematical procedure, they were transformed 
into a more usable form. In the I. C. I. report these curves, shown in Fig. 
3, have been so arranged that no values are negative and that one of the 
curves (namely the y) corresponds to the visibility function of the normal 
eye. The integrated areas under each of these curves, which are referred 
to in the I. C. I. report as distribution coefficients, have been maintained 
equal so that mixing these three stimuli still produces white (of an equal 
energy spectrum). 

Having obtained a function for the normal eye in terms of the wave- 
length of light of the visible spectrum, we are now in a position to trans- 
late the spectrophotometric analysis of a colored material and its illumi- 
nator into terms of color as seen by the eye. For convenience of mathe- 
matical consideration, we will measure the amounts of each of the three 
stimuli at every wavelength throughout the visible spectrum and plot the 
values of x, y, and z against the wavelength as shown in Fig. 3. At any 
one wavelength, there will be three values, one for each stimulus. We now 
obtain the fractional value for each stimulus at each wavelength. To il- 
lustrate this step, refer again to Fig. 3. At a wavelength of 475 milli- 
microns, for example, the values of the distribution coefficients are: 


x+y +z= 1.2966 
and from these coefficients the following fractional values may be calcu- 
lated: 


x= .1421/1.2966 = 0.1096 
y = .1126/1.2966 = 0.0868 
z = 1.0419/1.2966 = 0.8036 


x+y +2z=1.0000 


These fractional values are referred to in the I. C. I. report as the trichro- 
matic coefficients. Since the sum of any three coefficients for one wave- 
length is always equal to 1, it is found convenient to plot one of these 
coefficients against one of the other two. It is customary, merely as a con- 
vention, to plot the y coefficient against the x. A diagram made in this 
manner is generally known as a Maxwell color mixture diagram and any 
point on the resulting curve represents the locus of a spectrum stimulus. 
In other words, any point on this spectrum locus curve shown in Fig. 4 
corresponds to a pure spectral color, while the point represented by 
x = .3101, y = .3163 corresponds to the color of average daylight (I. C. I. 
Iiluminant C). 

Just as it has been found that any color may be matched by the 
proper admixture of three arbitrary stimuli, it is also found that any color, 
except purple, may be suitably matched by a mixture of white light and 
some pure spectral color. It is at once seen that this is no contradiction 
to the previous concept for now, instead of having three heterogeneous 
stimuli, we have at least one homogeneous stimulus (the pure spectral 
color) and two other stimuli of uncertain origin, corresponding to the two 
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other stimuli which must be added to the homogeneous stimulus to com- 
pose the color of average daylight. Since we are going to specify our 
colors in terms of a mixture of some monochromatic light of a certain wave- 
length (called dominant wavelength and white light), it seemed essential 
to establish the connection between this definition of color and one in- 
volving only the trichromatic coefficients. 


LCI. Iluminant C 
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The purity of a color is that percentage of the dominant wavelength 
found in the mixture that produces the desired color. These two values, 
dominant wavelength and purity, correspond to the more descriptive terms, 
hue and saturation. It will now be necessary to go somewhat more thor- 
oughly into the mathematics of our color specification and we will then 
discover what is meant by brightness (luminosity) which corresponds to 
the psychological term of brilliance. 


Mathematics of Color Specification 


Since the eye is not an analytical instrument, it is impossible to look 
at a color and describe the relative amounts of light reflected from it in 
each portion of the spectrum. It is perfectly obvious then that the eye 
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performs an integration; that is, it sums up the light received from the 
source of illumination, modified by the spectral reflection (or transmis- 
sion) characteristics of the colored object for all wavelengths in the visible 
spectrum, and presents its summation to the brain in the form of a color. 
The source of illumination for the present has been taken to be I. C. I. 
Illuminant C which is a close approximation of average daylight. Through 
our distribution coefficients, we are now able to perform the integrating 
(or summing up) function of the eye mathematically and we may express 
these functions, as visualized through our tri-stimulus specifications, by 
the following three integrals: 


700 700 700 
{ xE,Rd); f yE.Rd); f ZE-Rdv 
400 400 400 


where x, y, Z, E, and R are all functions of \, the wavelength of light 
in the visible spectrum. x, y, and z are the distribution coefficients and 
represent the three functions of the eye; Ec is the energy distribution of 
the illuminant and R is the spectral reflectance (or transmission) of the 
sample to be examined, each taken wavelength by wavelength throughout the 
spectrum. Since it is usually difficult to represent spectrophotometric curves 
by a convenient mathematical function, and the same is true for the coeffi- 
cients and the energy distribution of real light sources, it is necessary to 
perform a graphical integration. These three functions now take the follow- 
ing forms: 


700 700 700 
2xE,.RA\; ZyE,.RAdA; 2YzE,.RAX. 
400 400 400 


700 
The expression: > xE,.RA) is a mathematical convention signifying that 
400 
the values, x, Ec and R are to be multiplied together at each small interval 
of wavelength (AX) throughout the visible spectrum (from 400 to 700 
millimicrons) and that all of these multiplied values will then be summed. 
The brightness or luminosity may be defined as: 


% Brightness = 


It was stated in the previous explanation that all colors except purple 
may be matched by a suitable mixture of white light and some spectral color. 
Purple is matched by subtracting from the white light a suitable spectral 
color, which usually lies in the green region of the spectrum. This sub- 
traction is accomplished in practice by adding the green to the color to 
be matched until it is identical with the illuminant (in this case, I. C. I. 
Illuminant C). Thus purples are reported as having their dominant wave- 
lengths in terms of complementary colors, denoted on the color diagram by 
the suffix C. 
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Examples of Mathematical Integration 


Having described the way in which the integration performed by the 
eye to produce color sensations in the brain can be performed mathe- 
matically, it now remains to illustrate this method by examples and to give 
some applications. The first step in the objective specification of the 
color of an object is to obtain its spectrophotometric curve as a function 
of the wavelength of light in the visible spectrum. It now follows from 
the equations given previously that this function must be multiplied by 
the energy of illumination and by each of the three visibility functions 
at each wavelength of the visible spectrum. The values of these three 
products derived from integrating these functions throughout the visible 
spectrum are now added together and their fractional values, represented 
as x, y and z, are called trichromatic coefficients. The sum of x, y and z 
is always equal to 1. The derivation of the trichromatic coefficients for 
the three chosen stimuli which represent the function of the average nor- 
mal eye was described in an earlier section of this discussion and, at the 
same time, the manner in which the color diagram is constructed was given. 
It will be recalled that this diagram was made by plotting y against x. 
Place the x, y values obtained from our recent integration on the color 
diagram and connect this point by a line passing through the xwyw values 
of illumination (in this case I. C. I. Illuminant C, xw = .3101, yw = .3163). 
A projection of this line intersects the curve representing the locus of 
spectral colors at some point that we will designate as X, Y. The value 
of this intersection in millimicrons, read directly from the spectrum locus 
curve, gives us the dominant wavelength of our colored substance under 
the specified illumination. The distance of the point designated by x, y 
from the source of illumination to the spectral locus gives the excitation 


purity of the color under consideration. The calculation of purity is given 
by the following formula: 


_ = Fe 
P™ (Y — ye) 


Fig. 5 shows the color diagram with a few lines drawn from the Illumi- 
nant C (xw = .3101, yw = .3163) to the spectrum locus. These lines 
radiating from the center of the diagram are designated by the proper 
wavelength number. The method for designating the wavelength of purple 
colors is illustrated by the continuous line drawn from 495 millimicrons on 
the spectrum locus through xwyw and extended to the point marked 495C. 
All colors lying on this line between xw, yw and 495C are purples. Simi- 
larly, other hues of purple will fall on one of the other complementary 
wavelength lines designated by the suffix C. The computation of excita- 
tion purity has been facilitated by drawing lines of constant purity on the 
diagram. Thus, from the enlarged section of the color diagram shown in 
Fig. 2, the values of purity and dominant wavelength may be read directly 
from the plot. 


It was shown previously that it is impossible to integrate the functions 
directly from which the trichromatic coefficients are derived and Judd * has 
given specific examples of the summation of the products at each 10 milli- 
micron interval. He has given convenient tables for E, yE, ZE, where E 
corresponds to any one of three standard illuminants. I. C. I. Tluminant 
A is a gas filled lamp of color temperature 2848° K and corresponds to 
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an incandescent tungsten lamp. Illuminant B is an approximate repre 
sentation of noon sunlight and Illuminant C is an approximate representa: 


MIXTURE DIAGRAM 
ACCORDING TO THE 

1931 1-C.L STANDARD OBSERVER AND 
COORDINATE SYSTEM 


ILLUMINANT C 


VALUES OF 


Fia. 5. 


tion of average daylight. The energy distribution of Illuminant C is shown 
in Fig. 6. This is produced by placing two special colored solutions in 
front of an incandescent lamp operating at 2848° K.* As might well be 
imagined, this summation is exceedingly tedious and, in order to facilitate 
a rapid computation of the necessary x, y and z values, a method has been 
adapted by Hardy *® which is termed, in view of its mechanism, the method 
of selected ordinates. The values of the products xE, yE, and zE may 
be plotted against the wavelength (A). The area under the yE curve is 
700 
represented by the integral y Eda and may be divided into any con- 


venient number of small areas, Each of these areas is represented graph- 
ically by a line bisecting the small area and parallel to the yE axis. 

In Fig. 7, yEe (Illuminant C) has been plotted against wavelength 
and the area under the curve has been divided into 10 equal areas. The 
full vertical lines designate equal areas and the dotted vertical lines refer 
to the average value of each small area and are the selected ordinates. 
These dotted lines may be engraved upon a glass plate, which is made to 
the same scale as that used in constructing the spectrophotometriec curves. 
For any one type of illumination three plates are necessary, one for the 
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UNITS ) 


LC.L ILLUMINANT C 


ARBITRARY 


ENERGY CIN 


WAVELENGTH IN MILLIMICRONS 


Fig. 

















500 
WAVELENGTH IN MILLIMICRONS 


Fig. 7. 


xE, one for the yE, and one for the ZE function. One of these plates is 
now placed upon the spectrophotometric curve and the values of re- 
flectance (or transmission) at which the selected ordinates intersect the 
curve are read off. Since each line represents an equal area, it should be 
obvious that the addition of these ordinates represents the summation 


700 
ZyE,.RAd, ete. The plates used here were so arranged that either 10 or 
400 
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30 selected ordinates may be used, depending upon the complexity of the 
spectrophotometrie curve to be integrated. 


Integration of Curves for ‘“‘Standard’’ and ‘“‘Offshade’ 
Dyes 
The integration of the spectrophotometriec curves representing the 


‘¢standard’’ and ‘‘offshade’’ dyestuffs previously described in Fig. 1 is 
given in Table 1. 


TABLE 1 


Standard Offshade 


No. of Selected 
Ordinate 
xEcR 


OWONOooarh WN 


10 





Total * = 


* Total = =xEcRAA, ZyEcRAA or 22EcRAN. 


1.1812 (ZxE-RAX) = 865.0 
0.9804 (2zE-RAX) = 266.8 156.0 


Standard Offshade 
(2xE,RAA + DYE.RAA + 2ZE,RAX) = 1714.1 1576.5 


Standard Offshade 


865.0 852.0 2 
maa“ *™ ims 
568.5 
1576.5 om 


156.0 
1576.5 


SyYE-RA\ 582.3 
TyE.AX 1000 | 
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Only 10 selected ordinates are used in order to simplify the computa- 
tion. It is generally advisable to use the 30 selected ordinates for more 
precise work. YxE.RAX and DxE,RAX must be multiplied by a factor 
in order to adjust these values for the trichromatic coordinates of the 
white point. By this is meant simply that if R were to be 1 (for a per- 
fect white), the summations under Illuminant C would yield x = .3101 
and y = .3163, which is obviously the location on the color diagram of 
Illuminant C. This would, of course, not be a perfect white but is slightly 
blue in color so, in order to correct all of the integrated values, it is neces- 
sary to multiply >zL.RA\ by 1.1812, and DZE.RAd by 0.9804 for II- 
luminant C. For other illuminants other multiplying factors must be 
used. The values of x and y obtained here were placed on the color dia- 
gram and an enlarged section is shown in Fig. 2. This chart, along with 
the specification of brightness, may now be used to uniquely designate the 
‘“standard’’ and ‘‘offshade’’ dyestuffs when seen under Illuminant C. 


Tolerances in Color Measurement 


This method of color specification, while not so satisfactory as a com- 
plete spectrophotometrice curve, is very useful in showing tolerance limits. 
It is seldom that a machinist will be told to duplicate a piece of work 
without also being told what tolerance limits are required. Why, then, 
should we expect colors to be matched ‘‘exactly’’? It will be shown 
in a future paper that colors are seldom matched exactly but are matched 
within certain small limits of tolerance. In specifying what tolerance 
limits are required, the use of charts such as presented here should be 
very helpful. It is now possible to designate in definite units of color 
what the limits of a match shall be, just as it is possible to say that the 
clearance on a drilling shall be within 144 of an inch. 

While the spectrophotometric curve is of such comprehensive value 
in the measurement and specification of color, if tolerance is the only con- 
cern of the dyer, he may determine it by other methods. A colorimeter, 
which is an instrument designed to measure the amount of light reflected 
(or transmitted) by the sample through three colored filters, may be used 
for this purpose. It is fundamental for the proper use of such a device 
that the three filters be measured spectrophotometrically and the source 
of illumination measured with a spectroradiometer in order to determine 
the energy distribution curves. When these are known, it is then possible 
to translate these results by mathematical transformation into the uni- 
versal terminology of the I. C. I. Standard Observer and Coordinate 
System. A very thorough report on the use of the colorimeter has been 
given by Guild ® and his paper should be consulted by all persons interested 
in using this method of color specification. The disk colorimeter’ may 
also be used to specify color tolerances on the color diagram if the spectro- 
photometric measurement of the colors used on the disk has been first 
made. Lovibond glasses* provide another method of accomplishing the 
same result and here, again, it is first necessary to have a knowledge of 
the spectral transmission of the glasses used. 
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Some instruments on the market have attempted to effect a compro- 
mise between the spectrophotometer and the colorimeter by using as many 
as seven separate filters through which to measure the reflectance of the 
colored samples. Generally, it is found that the transmission characteris- 
tics of these filters are far from monochromatic and that no attempt has 
been made to correlate the readings with any universally standard system 
of colorimetry. It should be realized that each of these filters covers a 
rather broad spectral region, and the readings can be shown experimentally 
to present an entirely different spectral analysis from the actual spectro- 
photometric curve. 


Conclusion 


A method has been presented by which the spectrophotometric analysis 
of a colored object may be translated into a set of three numbers which 
uniquely describe the color of the object under the conditions of observa- 
tion. These numbers are based only upon the characteristics of the normal 
human eye, the spectral reflectance characteristics of the colored object, 
and the spectral distribution of the light source by which the object is 
illuminated. Two of these quantities are entirely physical in nature and 
are measured in the fundamental units of the wavelength of light and of 
energy. The factor of the human observer was determined by carefully 
taking the average of numerous persons, all possessing normal vision. It 
is felt, therefore, that the terms, dominant wavelength, excitation purity 
and brightness, offer an unambiguous definition of the color of an object 
under. a set of specified conditions of observation. It is hoped that this 
fundamental terminology will be used by dryers and colorists to their ad- 
vantage in describing colors and in expressing color tolerances. 
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Self-Help in Research 


**Style has always been such an important part of the textile trade 
that any radical departure from accepted fashions would be considered 
foolhardy. There may be an exception, however, as revealed in the un- 
popular manner in which a number of textile mills tackle problems of 
research, The style today is to appeal to some alphabetical bureau in 
Washington for funds to carry on research. Anybody who simply goes 
ahead with some work and collects money from those who will benefit is 
proceeding in the most unfashionable manner. That thought has not 
stopped textile chemists, dyers and other technical men from organizing 
for research supported by the textile industry. 

‘¢This enterprise is creditable in these days of dependence on public 
grants; the sponsors deserve success. The United States Institute for 
Textile Research is a private organization formed in 1930 by members. of 
the Textile Research Council, the American Association of Textile Chem- 
ists and Colorists and other associations. Francis P. Garvan of the Chem- 
ical Foundation is president. In the American Dyestuff Reporter appears 
an address by a director of the institute that records its activities. It has 
built up a fund with membership fees ranging from $10 to $1,000, and 
has at present more than 260 members. 

‘“The method by which this institute conducts research is to call a 
conference on some subject of common interest to members, and then raise 
funds for laboratory study. Thus, a meeting on warp sizing led to re- 
search that has started on $5,000, and that uses the facilities of the Massa- 
chusetts Institute of Technology. Director Smith in his address said in 
part: ‘This whole question whether research is best conducted by private 
initiative ... or by cooperative effort of many corporations or firms is 
still open to argument, but it does seem that there is room for both. There 
are many corporations large enough to support their own research staffs, 
but there are not many that are able to support large research organiza- 
tions for fundamental research.’ Pooling a number of relatively small 
sums has enabled the textile industry to promote technical studies without 
waiting for governmental approval, and incidentally to act freely.’’—The 
(New York) Sun, Sept. 24, 1935. 
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Experimental Data 


Samples.—In this study, only wools from the western part of the United 
States have been used. 

As it was desired to study the natural or usual degree and kind of 
population of raw wool by microbie types, only wool from clipped fleeces 
was used. From these only fibre of high quality from the middle of the 
back and from the shoulder was chosen for study. This limitation was 
made because such samples were considered to be the most likely to contain 
a micro-flora more characteristic of wool than other parts of the fleece, 
which are more likely to be contaminated with large amounts of dirt, burs, 
and marure. At the same time, back wool and shoulder wool represent 
two extreme types of wool from the fleece. Shoulder wool is characteris- 
tically fine, short, and contains much grease and suint. Back wool is longer 
and coarser, and being more exposed to weathering effects is dry and 
washed-out in appearance. 

The data following are the results from the experimental study of the 
microbie content of three sets of wool samples, which are as follows: 




















I—Fleece wool from the shoulder........... 8 samples 
II—Fleece wool from the back.............. 3 samples 
IITI—Mixed wool in process, one lot........... 4 samples 














(I) Shoulder Wool in the Grease.—These samples were collected asep- 
tically from sorting rooms, and stored in glass jars in the usual manner, 
(1934, Prindle). 

Samples Nos. I, II. These samples were taken from a pile of match- 
ings. 

Samples Nos. IX, X. Taken from fleeces in a sorting room. 

Sample No. XII. Taken from the same fleece as sample No. XI, back 
wool. 

Sample No. XIV. Taken from the same fleece as sample No, XIII, 
back wool. 

















* This investigation has been carried out in partial requirement of the work 
for the degree of doctor of philosophy at the Massachusetts Institute of Tech- 
nology, is published with the permission of the Department of Biology and Public 
Health, and is Contribution No. 62 from that department. 

+ Dr. Prindle is working under the direction of Dr. Samuel C. Prescott, 
Massachusetts Institute of Technology, Cambridge, Mass. 
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Samples Nos. III, V. Taken from a sack of greasy matchings. Stud- 
ied with respect to their spore-forming bacterial flora only. 

The data resulting from these experimental studies are reproduced in 
the order of this tabulation. (For key to symbols used on the data sheets, 
see Appendix, Tex. Rsch., Vol. V, Pp. 558-59.) 

(II) Samples of Back Wool in the Grease——These samples were ¢ol- 
lected with the usual aseptic precautions in the sorting rooms. 

Sample No. XI. Taken from a fleece in the sorting room, same fleece 
as sample No. XII, shoulder wool. 

Sample No. XIII. Taken from the same fleece as sample No. XIV, 
shoulder wool. 

Sample No. XV. Taken from a fleece in a sorting room. 

(III) Samples of Mixed Wool in Process—These samples were taken 
aseptically from the parts of the mill indicated below. They were all from 
the same lot of fibre which was a Dakota wool, quarter blood. 

Sample No. XVI. Raw fleece wool, blended for manufacture. 

Sample No. XVII. Raw wool as above with dirt shaken out. 

Sample No. XIX. Wool from the third scouring bowl. Temperature 
of scouring bowls not over 50° C. 

Sample No. XX. Wool after scouring and drying. Temperature of 
drying oven 170° F. (76.5° C.). 


lad 


TABLE 7 














Czapek’s Agar | Synthetic Nutrient 


(Acidified) Malt Agar Agar Spores 








31,000 = se 
550,000 17 X 108 210,000 


Bacteria... . 65 x 106 100,000 


Molds...... — 
Bacteria... . 50,000 3.4108 110,000 


XVII. Raw wool with dirt shaken out. 
XIX. Wool from the third scouring bowl. (Temp. not over 50° C.) 
XX. Wool after scouring and drying. (Temp. 76.5° C.) 


Appearance of Cultured Plates After Counting.—The micro-flora of 
shoulder wool and back wool, as viewed macroscopically on the agar plates 
after counting, was seen to consist of many different types of bacteria and 
a much less diversified number of mold types. 

Bacterial colonies were of many different forms and were largely 
colored on the plates made directly from the raw wool. Colony colors 
noted were many variations of red, yellow and orange. In contrast, the 
plates upon which the pasteurized inoculum was cultured for counting spore 
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formers presented a sombre appearance, its only color being a chocolate 
brown pigment produced by a minority of the colonies. 

The mold flora on the Czapek’s agar plates was made up of large 
numbers of very light pink colonies and very dark green colonies, inter- 
spersed with bright red and blue forms. The aerial mycelium of a mucor 
filled the space between the agar and the cover of the petri dish in a few 
plates from nearly every sample of raw wool studied. 

The appearance of plates cultured from samples of a single lot of wool 
in the initial processes of manufacture were as follows: 

Raw Wool. The appearance of plates cultured from this was the same 
as recorded above for raw wool samples. 

Shaken Wool. Same as the raw wool. 

Wool, Scoured, but not Dried. Bacterial types were the same in ap- 
pearance as those found on raw wool. The molds were so few in number 
that their appearance could not be characterized. 

Wool, Scoured, and Dried. Most of the colored bacterial types were 
absent. Molds were again very few in number. 

Effects of the Growth of Pure Cultures of Micro-organisms on Wool 
Fibre.—For this experiment small skeins of worsted yarn were prepared 
and tubed with dilute nutrient broth. (See Fig. 1, Tex. Rsch., V, 12, 552 
(1935).) 

After winding, the skeins were thoroughly scoured in pure eastile soap 
and distilled water heated to 50° C. to remove the oil used in manufacture. 


TABLE 8 
Mold Cultures 





Discoloration Loss of Strength 


Alternaria Complete 
Partial 
Stemphylium Complete 
Stemphylium Partial 
Penicillium Partial 
Stemphylium Complete 
Penicillium 0 
i Complete 
Mucor ; 0 
Penicillium 0 
Mucor ; 0 
Alternaria Complete 
Mucor 0 
Alternaria Complete 
Odspora : Complete 
Penicillium 0 
Odspora Complete 
Alternaria Complete 
Alternaria Complete 
Penicillium 0 
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TABLE 9 


Bacterial Cultures 











Discoloration Loss of 


Wet Dry Strength Scale 
Bacillus. .....4:.2... 0 0 
Flavobacterium *. . 0 Yellow 
Micrococcus........ 0 0 
Micrococcus Yellow Yellow 
Micrococcus Buff Orange 
Micrococcus 
Sarcina 


CONOR WN 
coooocoecocooco 


Achromobacter 
Bacillus 


x~Aoooococoocx 


oooceo 


Partial 


—_ 
- 
~— 


Rhodococcus 
Bacillus............ 
Micrococcus........ 
Micrococcus........ 

») Achromobacter 
(Yeast) 


Booscooco 
oo 


} 

| 
> 
= 





Bacwlus:....... .<%... 
Bacillus 
Bacillus 
Bacillus............ 
ES aan ae era ee 
Bacillus............ 
Bacillus 
Bacillus 
Bacillus 
Bacillus 





coococoo oo 





Partial 

0 
Complete 
Partial 
Partial 

0 
Complete 
Partial 


o 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ead” 
0 
0 
0 





“Dead” 
Bacillus 0 
Flavobacterium *. .. 0 
Micrococcus Yellow 
Flavobacterium..... 
Micrococcus 

Sarcina 

Bacillus 

Bacillus 


eeoscseeocooooe’s cooocoocoocecce 


Red 


Rhodococcus 0 
Micrococcus 0 
Bacillus 0 


ooo SRXx*OCSSCOOCOKX KOK KKK RK OCOOCOOCOCCOS oo 


OOP WNRFTOORWNREWNeH OR WHR 
ooo ooocoeoococo 
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TABLE 9—Continued 


Discoloration Loss of 
Wet Dry Strength 


Yellow 
Micrococcus........ 
Achromobacter *... . 
Achromobacter 
Achromobacter 
Rhodococcus 
Bacillus 
Achromobacter 
Micrococcus 
Flavobacterium *. . . 


—_ 
INAOOPOO MONO, 


Micrococcus........ 
Micrococcus 
Micrococcus........ 
Serratia * 


oooceocecooceoco 


— 
© 
2, 
—] 
} 
= 


Bacillus............ 
Flavobacterium *. . . 
Achromobacter *... . 
Serratia 
Bacillus 
Bacillus 


ececooeceoooocooococoooooocco 
ecoeoocoeocecocoococooocooocco 


ocooococo 


° 
w 
> 


Complete 
Partial 


Bacillus............ 
20 | OT 
Flavobacterium.... . 
Bacillus 
Micrococcus 

10 Bacillus 

11 Bacillus 

12 Bacillus 

13 Bacillus 

14 Bacillus 

15 Bacillus 





oO 
6 
7 
8 
9 
3 
+ 
5 
6 
7 
5 
6 
@ 
5 
6 
7 
8 
9 





esossssoooecosceosegoososoocoocooeococcoocococe) 


ooocococoocococeo 
Orxr~oooooooooox x 


coooocooocoocoococo 





xX = plus. 

* Note.—Generic names marked with an asterisk indicate that identification 
of the culture is complete except that the Gram reaction is the opposite of that 
which is characteristic of the genus as a whole. Nearly all of these have been 
designated as members of the genera Flavobacterium and Achromobacter. 
Bergey (1930, Bergey) lists a few Gram positive species in both of these genera. 
These are, however, types which would not be encountered in the present in- 
vestigation. Hence the peculiarity of these cultures has been specially noted. 
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The soap was subsequently removed by two rinses in distilled water at 
50° C., soaking out overnight in distilled water, and finally two additional 
rinses in distilled water. This assured removal of all water-soluble ma- 
terials in the yarn which might have promoted or inhibited microbic activity. 

Such a complete removal of all water-soluble materials associated with 
the fibre is, however, seldom encountered in practice. Hence, to make the 
results of the experiment more comparable to mildew as it occurs in the 
usual course of fibre history, a small amount of readily available nutrient 
was added by allowing the lower part of the skeins to dip into nutrient 
broth of 4th the usual concentration. 

This preparation was sterilized by intermittent steaming, according to 
the recommendations of Trotman and Sutton (1925, Trotman and Sutton). 

The prepared tubes were then inoculated with the pure cultures of 
molds and bacteria isolated from raw wool. Each culture was inoculated 
into duplicate tubes. These and 20 uninoculated tubes which were used as 
controls, were incubated for 14 days at 25° C. At the end of that period, 
controls and inoculated tubes were examined for the growth of organisms 
and condition of the yarn. 

The following observations were made: 

Growth. Occurred in all but a few cases which are noted by the words 
‘“no growth.’’ 

Loss of Strength. Determined by breaking the yarn with the fingers 
after it had been removed from the nutrient broth and dried. Recorded as 
*‘total,’’ ‘‘partial’’ or ‘‘0.’’ 

Discolorations. The fibre was examined under a strong ‘‘daylight’’ 
lamp and also in true daylight for color changes. Those inoculated with 
bacteria were examined wet and after drying; those with molds, only after 
drying. 

Loss of Scale. The whole skein was examined under the low power of 
the microscope (100 X) by incident light. Only fibres inoculated with 
bacterial cultures were examined for loss of scale. 

The following results were obtained: 

Controls.—All tubes were sterile as shown by the lack of growth in 
any. The fibre was not discolored and showed no loss of strength when 
compared to yarn from the original spindle. Microscopical examination 
failed to show any appreciable loss of scale. 


Interpretation of Data 


Numbers of Molds and Bacteria Found on Samples of. Raw Fleece Wool 
and Semi-processed Wool.—Using the total counts obtained by the use of 
Czapek’s agar as the criterion of the number of molds present and the 
counts obtained by use of nutrient agar for the bacteria, we find the fol- 
lowing limiting numbers for these two principal types: 


TABLE 10 
Shoulder Wool 
Molds < 300 to < 3,000 per gram 
Bacteria, all types 550,000 to e. 400 x 10° 
Bacterial spores 45,000 to 800,000 
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Back Wool 
WOMEN is Soe ORR ee Ne cag ig 3,800 to 4,200 
Rerenernera 4.0 X 10° to 22 x< 10° 










Similar counts for samples of wool in the initial processes of manufac- 
ture were as follows: 










Raw Wool 






EONS is i0:e. a lavara bio ia aco ee ota Seba etwas 2,700 per gram 
Bacteria, all types. «o'6scdccicwisccinness cide ces 1.2 X 10° 
IRGCLOHIAL BDOLOR: (31055 c.5c Sion cciesccwenecwapers 190,000 






Shaken wool 






WMA Gs Srxic Reis sic cnarclae Wane Coen demain Gils 36,000 
Baetervia: A TIDEB oad cite cacusedecrcincneers 17 X 10° 
DOCUOUIBY ABOTOR «6c os aio sivicciaeig ve wesinelendwns 210,000 






Scoured wool, wet 





1S EN COE OEE TORE ee Ey CER < 300 
Pncterin, ali CVPes) ce vs ciccisicccvinesicncenvces 65 X 10° 
Selerial SNOVON 5 os<c: ssi terdencenetcccacce 100,000 





Seoured wool, dried 











WORN, 1a:5(ccavaierot dh o1e ej aisig! din Ca gaace calorsiae ee eaiee < 300 
ERCUCrIA. GME CHPOR: 5.0.55. 6. <cogiacis wie eerste wees 3.4 X 10° 
DOCtorial WORKS oo eccce hp ncciosewedecs neltioae 110,000 









From this summary of the data it is clear that large numbers of bac- 
teria were found in all samples of raw wool, over a million per gram being 
counted in most cases. Regarding these sample groups as a whole, it 
appears that the number of spore-forming bacteria per gram was about 1% 
of the total number of all types of bacteria. Reference to the individual 
data sheets for the samples, however, shows that this conclusion is unwar- 
ranted. The percentage of spore-forming types varies from a small frac- 
tion of 1% of the total number in sample No. IX to approximately 10% 
of the total number in sample No. X. In no case was the fraction of the 
population represented by sporulating bacteria more than 10%. 

Molds were found to be much less numerous than bacteria. No more 
than 5,000 were counted in any one gram sample of raw wool. 

It is interesting to note that the samples of shoulder wool and back 
wool, though differing markedly in their composition and physical proper- 
ties, could not be differentiated on the basis of counts of the total number 
of micro-organisms which they contained. Unfortunately, counts of the 
spore-forming bacteria occurring in samples of back wool are not available 
for use in comparison with shoulder wool. 

In the summary of data for processed fibre we find evidence of some 
very interesting changes. The counts for the sample (XVI) before any 
processing are similar to those obtained from other raw wools. Upon com- 
parison of these with the figures for shaken wool, one is immediately im- 
pressed with the large number of molds counted in the latter case. The 
figure is larger in magnitude than the higher limits for either shoulder or 
back wool. It suggests that shaking, instead of removing most of the 
mold spores from the wool by eliminating much of the earthy and vegetable 
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matter, tends rather to distribute such material more evenly throughout the 
fibre mass and so simulate a higher degree of contamination. 

After the next step, which consisted of scouring in two bowls of warm 
water and soap, and one rinsing bowl of warm water, we find a marked 
drop in the number of molds. There can be no doubt that this was a real 
drop in the mold content of the wool fibre, for in the bowls the fibre was 
constantly being mixed with material from other parts of the lot. This 
would insure contamination of all of the fibre, if an appreciable fraction 
of the original mold flora survived the scouring treatment. It is highly 
probable, therefore, that a large part of the original mold flora was either 
washed off or killed in the scouring baths. 

With regard to the sample of scoured, dried wool, it will be noted that 
the number of molds was again very small. The numbers of bacterial 
colonies counted on the plates cultured from this sample were of the same 
order of magnitude as those for the original raw fibre. If, however, we 
compare these figures with those for the scoured, wet wool, it will be noted 
that the number of bacterial spores counted was about the same, but that 
the total number of bacteria of all types was only 3.4 million per gram 
as compared to 65 million per gram. This suggests that the heating of tie 
fibre for drying acted as a pasteurization and inactivated the less heat- 
resistant, vegetative forms. If this were true, the total counts of all types 
of bacteria from the raw wool and the scoured, dried wool are not strictly 
comparable, because the two microbie populations under consideration are 
composed of different types of organisms. Observations on the types of 
colonies occurring on the plates cultured from these two samples give 
evidence that the bacterial flora of the processed sample is truly different 
from that of the raw fibre. 

Types of Molds and Bacteria Isolated From Plates Cultured From Raw 
Wool.—Pure cultures of molds isolated from the raw wool samples were 
identified as belonging to the following genera: Alternaria, Stemphylium, 
Odspora, Mucor, and Penicillium. Alternaria and Stemphylium were iso- 
lated from the majority of samples and usually comprised a large part of 
the mold flora of the samples in which they were found. Colonies of 
Odspora amounted to about 60% of the total mold count from one sample 
of back wool. Colonies of Mucor were noted on the plates from nearly 
every set of samples, but the mixing of colonies, which results from the 
aerial habit of growth displayed by members of this genus, usually made 
the estimation of their relative abundance impossible. Relatively few types 
of Penicillia were isolated, and those were of divergent types. 

Of all of the above-mentioned types, only the Penicillium has been re- 
ported as isolated from wool or woolen fabrics by previous authors (1925, 
Trotman and Sutton), (1928, Burgess). 

It is interesting to note that samples of back wool and shoulder wool, 
though differing greatly in their general characteristics and having been 
exposed to different influences during the period of their development, could 
not be distinguished by the types of mold flora which they yielded on 
Czapek’s solution agar or synthetic malt agar plates. 

The molds isolated from these raw wool samples were, on the whole, 
saprophytic types common to decaying organic matter and soil. 

From the bacterial types, which grew on the agar plates cultured with 
inoculum from samples of raw shoulder or back wool, pure cultures of bac- 
teria of the following genera were isolated: 
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Cocei.—Micrococcus 
Sarcina 
Rhodococcus 
Non-sporulating rod forms.—Serratia 
Flavobac*erium 
Achromo acter 


Sporulating rod forms.—Bacillus 

Of the above-mentioned genera, Micrococcus and Serratia (Erythro- 
bacillus) have been previously isolated from a few samples of wool or 
woolen fabrics (1925, Trotman and Sutton), (1928, Burgess). Members 
of the genus Bacillus have, however, been isolated from wool fibre by many 
investigators (1924, Burgess), (1924, Trotman and Sutton), (1925, Trot- 
man and Sutton), (1928, Burgess), (1930, Bergey). 

In the present study, the most abundant types isolated were the Micro- 
cocci. One or more cultures of this genus were isolated and identified from 
eight out of nine samples of raw wool fibre whose complete bacterial flora 
was analyzed. In most of these samples they amounted to from 10 to 30% 
of the total bacterial population of the nutrient agar plates. Other cocci 
were found to occur to a lesser extent. Sarcina was estimated to amount 
to 10% in one sample, 20% in another. About the same percentage of the 
bacterial flora of two samples were found to be members of the genus 
Rhodococcus. A review of the habitats of members of these genera of 
cocci shows that Micrococcus and Sarcina are facultative parasites or 
saprophytes and have been isolated from soil, air, water, stale urine, ma- 
nure, skin surfaces, and surfaces covered by mucus membrane. As it is 
possible that raw wool might come in contact with any one of these sources 
many times during the period of its growth, and because these organisms 
might be able to live on or near the skin of the animal, it is impossible to 
decide from the present data whether they grow characteristically on the 
skin excretions of the sheep, or are there as accidental contaminants. On 
the other hand, Rhodococcus is characteristically an air and water genus 
and is probably a contaminant of raw wool. 

Without exception, the non-spore-forming rods isolated from raw wool 
samples were characteristically soil and water forms. They were probably, 
therefore, accidental contaminants from those sources. Of the nine 
samples of back and shoulder wool which were studied with respect to 
their complete bacterial flora, eight were found to contain members of the 
genera Achromobacter, Flavobacterium, or Serratia. No non-spore-forming 
rods capable of fermenting sugars with the production of gas was isolated. 

Bacilli were isolated from the majority of the samples, and, as al- 
ready noted, comprised a fraction varying from less than 1% to approxi- 
mately 10% of the total bacterial flora counted. Tentative specific identi- 
fications of the pure cultures isolated were attempted, but success was 
attained in only nine out of 28 cases. The cultures for which identifica- 
tions were tentatively established, were very similar to those described by 
Bergey (1930, Bergey) as soil types. The other cultures were, on the 
whole, very different from any species of Bacilli described in Bergey’s 
manual (1930, Bergey). 

The fact that the majority of members of the genus Bacillus isolated 
in the course of this study of wool microflora were unlike any described by 
Bergey (1930, Bergey), together with the experience of Smith (1932, 
Smith), who isolated seven pure cultures of Bacilli from wool scouring 
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liquor, and which he also found to be unlike any species described in 
Bergey’s manual, suggests that raw wool may be the habitat of some un- 
named members of the genus Bacillus. 

No marked differences between the bacterial flora of shoulder wool 
and back wool were noted in this study of the types which developed on 
nutrient agar plates. 

Types of Molds and Bacterial Colonies Occurring on Plates Cultured 
from Samples of Semi-processed Wool.—It has already been noted that 
nearly all of the mold population of a sample of raw wool disappeared in 
the scouring baths. At the same time a decrease in the total numbers of 
bacteria was noted as the wet, scoured wool was heated for drying. It 
was suggested that this decrease was due largely to the non-survival of 
the less resistant non-spore-forming bacteria. This view is supported by a 
comparison of the macroscopic appearance of nutrient agar plates cul- 
tured from scoured dried wool with those cultured from the raw fibre. 
It was found, in the latter case, that a large part of the bacterial flora 
was made up of forms giving rise to bright yellow, orange, and red col- 
onies and that these pigmented types were non-sporulating. In the plates 
cultured ‘from a pasteurized inoculum, on the other hand, these brightly 
pigmented, purely vegetative types were absent. A few colonies of light 
cream color or brown were noted. The majority were colorless. Plates 
cultured from the scoured and dried wool sample resembled, macroscopi- 
cally, those from the pasteurized inoculum. Since this lot of wool was 
found to contain large numbers of brightly pigmented bacterial types 
just before drying and none after, we must conclude that the process 
either removed or inactivated a large part of the less resistant bacterial 
flora of the wool. 

Biochemical Characteristics of Molds and Bacteria Isolated from Raw 
Wool.—All of the mold cultures isolated were capable of liquefying gela- 
tin. All but the Mucors were capable of hydrolyzing starch. Cultures of 
the genera Odspora, Stemphylium and Alternaria digested these substrata 
much more rapidly than did the Penicillia or the Mucors. 

On the whole, cultures from the bacterial flora of raw wool were found 
to be much less active toward protein and carbohydrate substrata than the 
molds. The cocci showed no digestive action toward the proteins of milk, 
and no ability to utilize carbohydrates. A few cultures of cocci liquefied 
gelatin slowly. The non-sporulating rods showed a similar indifference 
toward gelatin and milk proteins; a few of them utilized glucose in form- 
ing acid, but no gas. In contrast to the biochemical indolence of those 
groups, it was found that 80% to 90% of the 35 eultures of Bacilli iso- 
lated were active gelatin liquefiers; seven peptonized milk proteins; 13 
hydrolyzed starch; 13 formed acid in glucose; and a few utilized maltose 
and dextrin. 

The results of this study of bacterial action on wool agree in their 
essential points with previous publications on the bacteriology of wool. 
These have been reviewed in the bibliographical section of this report. The 
mycological studies have no counterpart in the literature, as, so far as the 
writer can discover, members of the genera Alternaria, Stemphylium, Odspora 
and Mucor have not previously been described as members of the micro-flora 
of wool. 

Relationship of the Micro-organisms of Raw Wool to Quality of the 
Fibre.—From the foregoing experiments we may make some prediction of 
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TABLE 11 


Growth of pure cultures on worsted yarn 










Molds 











Genus Discoloration Wool Structure 
Alternaria Black Completely destroyed 
Stemphylium Black as es 
Odspora Light pink es os 
Penicillium 

II M 8 None Partial loss of strength 
XII M 2 None No oo 8S e 
xXV M 2 Tan ce ce 6é “eé 

XVI M 4 Yellow € Re, «EE “6 

Mucor None ss aie “s 











Bacteria 














Type Changes in Fibre 

Coeci A few caused yellow or pink to red discolorations. 
None caused loss of scale or strength. 

None-spore- Yellow discolorations caused by two cultures, one 

forming rods with attendant loss of scale. None reduced the 
strength of the test yarn. 

Bacilli Nine out of the 35 cultures isolated caused serious 






deterioration of the test yarn. The wool fibre was 
descaled and in some cases broken down to spindle 
cells. A peculiar lack of lustre in the damaged 
fibres caused them to look ‘‘dead.’’ 












the types of molds and bacteria which would be expected to be active agents 
in inducing changes in wool quality in the usual history of the fibre. 

It is possible that some of the changes occur even before the fleece is 
clipped. Aerobie mold and bacterial types might be expected to produce 
discolorations and even tendering of the fleece wool. From the slightly 
alkaline nature of the fleece and the absence of large amounts of carbo- 
hydrate, this habitat would be expected to favor bacterial growth rather 
than mold growth. That this is so, is attested by the fact that several 
authors have reported deteriorations in fleece wool caused by bacteria, but 
none have recorded the growth of saprophytic molds of the types found. 
The principal damages to be expected in fleece wool are therefore: red, 
orange, or yellow discolorations caused by non-spore-forming bacteria; or 
tendering caused by the aerobic bacilli with little attendant discoloration. 

Up to the time of scouring, raw, clipped wool would be expected to be 
subject to about the same types of microbie attack as it was on the sheep. 

The effect of the scouring process was found to be very interesting 
from this standpoint. Samples studied in this research indicated that the 
majority of the saprophytic molds commonly found in fleece wool were re- 
moved or inactivated in the scouring bath, thus removing a potentially 
dangerous infection of very active destructive agents from the fibre. The 
effect on the bacterial population was less favorable, in that the less active 
cocci and pigmented vegetative types were inactivated, but the aerobic 
Bacilli were not. As many of these spore-forming types are active di- 
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gesters of gelatin, starch, milk proteins and wool proteins, they would be 
expected to be active in the destruction of sizing materials and the fibre 
itself if their growth is not carefully avoided. Previous investigators have 
frequently associated them with mildew of yarn and fabrics. 


Conclusions 

From the foregoing studies on the micro-biology of wool fibre, the 
following conclusions are drawn: 

1. Ten samples of raw back and shoulder wool were found to contain 
large numbers of bacteria—550,000 to ce. 400 X 10° per gram. 

2. Ten samples of raw back and shoulder wool were found to contain 
a moderate number of molds— < 300 to 4,200 per gram. 

3. Back wool and shoulder wocl could not be distinguished on the 
basis of the number of micro-organisms counted on plates cultured from 
one gram samples. 

4. Bacteria of the genera Rhodococcus, Micrococcus, Sarcina, Serratia, 
Achromobacter, Flavobacterium and Bacillus were isolated from samples 
of raw wool. 

5. Molds of the genera Stemphylium, Penicillium, Odspora, Alternaria 
and Mucor were isolated from raw wool. 

6. Back wool and shoulder wool samples could not be distinguished 
on the basis of the types of molds and bacteria isolated from them. 

7. The occurrence of purely saprophytic genera of molds and bacteria 
on the fleece wool indicates contamination by soil, water and air. 

8. The presence of large numbers of cocci which are classed as sapro- 
phytes or facultative parasites indicates that wool fibre may have a native 
micro-flora. 

9. Of the bacterial types isolated from raw wool in pure culture, only 
the Bacilli were found to be active digesters of starch, gelatin and milk 
proteins. 

10. With one or two exceptions, the molds isolated in pure culture 
from raw wool liquefied gelatin and hydrolysed starch with avidity. 

11. Cultures of non-spore-forming bacteria and cocci were found to 
produce colored stains on a worsted yarn in one or two cases. 

12. Of the 35 pure cultures of aerobic Bacilli isolated from raw wool 
samples, nine were observed to induce disintegration of the fibre in a 
worsted yarn. 

13. Of the molds isolated in pure culture from raw wool, Alternaria, 
Stemphylium and Odspora were found to cause complete destruction of the 
fibre in a worsted yarn, the first two with marked attendant discoloration. 
Penicillia caused marked discolorations with little loss of structure in three 
cases, and the reverse in a fourth; Mucor had no effect on the fibre. 

14. Observations on a single lot of wool in process showed that most 
of the molds present in the raw fibre were either washed away or inactivated 
in the process of scouring and drying, and that a large part of the non- 
spore-forming bacterial population of raw wool fibre was inactivated by 
the heating process used in drying the scoured wool. The aerobic Bacilli 
survived the process of scouring. 
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Research Distortion and Fact 


HE director of research for the British Wool Industries Research Asso- 
T ciation refers, in a recent address before the International Congress 

for Scientific Management, to wool as an example of a very variable 
raw material, and states that, ‘‘despite the practical man’s complete confi- 
dence in himself, it must be one of my tasks to embark on a painstaking 
analysis of all that is meant by quality of wool.’’ 

That this is a seriously needed piece of research work there can be no 
question, but there is nothing in this matter of fact statement that could 
win a headline in the daily Press. Distortedly interpreted, however, Dr. 
Howell Wilsdon was made by the London correspondent of the Daily News 
Record to predict ‘‘the replacement of wool sorters and valuers by arriving 
at a mathematical determination and meaning of the quality of wool.’’ 

Although this statement was not quoted it made both Dr. Wilsdon 
and research appear ridiculous to those who were versed in the present 
status of wool fibre research, and to the practical manufacturer tended to 
ridicule all scientific research. These facts were referred to in the Sep- 
tember number of TEXTILE RESEARCH, P. 492, under the heading ‘‘ Ridicu- 
lous; But Not Research.’’ Having read this article Dr. B. H. Wilsdon, 
director of research, British Wool Industries Research Association, Leeds, 
Eng., writes as follows: 

. ‘“As I do not imagine you have been able to refer to 

the actual statement made by me, ... I enclose a copy. 

The complete address will I understand be printed in due 

course with the proceedings of the International Congress 

for Scientific Management.’’ 

The statement enclosed by Dr. Wilsdon is as follows: 



























What Dr. Wilsdon Actually Said 
‘As an example of a very variable raw material we may take wool. 
The assessment of wool quality, defined traditionally in terms of a count, 
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that is the number of hanks of specified length which can be spun from one 
pound of wool, is a matter complicated by many other factors, in inte- 
gration of which, it is said, can only safely be entrusted to the intuition of 
men who have spent half a life time handling the raw material. The 
practical wool sorter and valuer themselves would scout the possibility of 
reducing to a mathematical statement all that is learnt by handling wool. 
At the other side of the picture we have the sheep breeder. The char- 
acteristics of the fleece, as of the mutton, which the farmer considers it 
most profitable to raise are not static but can be rapidly changed by 
breeding. Perhaps the most potent incentive at the moment in determining 
the direction of evolution, apart from economic factors such as the relative 
economic value to the producer of wool and mutton qualities, is the prize 
stock shows. Here the ‘points’ of the prize ram are determined by con- 
siderations among which the fleece characteristics cannot be directly re- 
lated with the wool manufacturer’s requirements. Yet if the two sides of 
the industry are to find a common goal it must be through appreciation by 
the breeder of the manufacturer’s requirements and a more explicit evalua- 
tion of quality which will gain for the producer a premium in selling price. 

‘*Thus, despite the practical man’s complete confidence in himself, it 
must be one of my tasks to embark on a painstaking analysis of all that is 
meant by quality of wool. This leads to another point which I cannot 
forbear to mention. Actually much data which could be used for analysis 
are obtained in the course of manufacture but will be lost forever unless 
they can be boiled down by the statistical digester. Such data, if no more, 
can be used to illustrate trends due to changes in breeds, seasonable and 
ecological factors, which, if not immediately, must inevitably lead ulti- 
mately, if expressed in a form which will be comprehensible to the breeder 
of the present and of the future, to a greater comprehension of the factors 
which are subject to control or chance.’’ 


Obituary 


James Thomson, representative in U. S. Institute of the con- 
tributing membership of Minot, Hooper & Co., dry goods com- 
mission merchants, New York, N. Y., and associated with that 
company and the Dwight Manufacturing Co., died suddenly at his 
home in Brooklyn, N. Y., Oct. 3d, aged 68. As a youth he started 
work with predecessors of Minot, Hooper & Co., and continued 
his career as a merchant until he was made agent of fhe Harmony 
Mills, Cohoes, N. Y. Later he became treasurer of the Fairhaven 
Mills, New Bedford, Mass., assistant treasurer of the Dwight 
Manufacturing Co., and treasurer of the Arnold Print Works. 
He was a member of the National Association of Cotton Manu- 
facturers and had been a director and vice-president of that or- 
ganization. 
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I. Freres (SYNTHETIC AND NATURAL) AND FIBRE 


ANALYSIS 
CELLULOSE: ENTERING OF WATER IN THE CRYSTAL LATTICE oF. I. Sakurada 
and K. Fuchino. Bull. Inst. Phys.-Chem. Rsch. (Tokyo), 1935, V. 14, 

P. 171-6; C. A., 1935, V. 29, Col. 5649. 


The ramie fibre dipped into 18% NaOH (by vol.) at the ordinary 
temp. and washed 2 hrs. with distd. water until completely free from alkali, 
gives an X-ray pattern quite different from that of natural cellulose, cel- 
lulose hydrate or unwashed Na cellulose I; this verifies the entrance of water 
into the lattice of cellulose. In such cellulose, water is thought to be com- 
bined with cellulose forming a true water-cellulose compd.; some of the Na 
cellulose IV of Schramek (C. A., V. 27, P. 2574) and Na cellulose III’ of 
Trogus and Hess (C. A., V. 27, P. 6122) seems to be nothing but this water- 
cellulose compd. (W) 


Rayon Yarns: NON-INFLAMMABLE. H. Roche. Tex. Mfr., 1935, V. 61, 
P. 31-3; C. A., 1935, V. 29, Col. 4936. 


Various methods of production are described. (W) 


RayoN YARNS: PRODUCTION OF ExTRA-STRONG. H. Roche. Silk J., V. 11, 

1935, No. 131, P. 18; No. 132, P. 23; C. 4., 1935, V. 29, Col. 4949. 

In the selection of the raw material, it is observed that the strength 
tenacity is seriously affected by the presence in the viscose soln. of very 
small quantities of lime, Ca sulfate and certain Fe salts. The presence of 
cholic acid increases the strength. Various chem. treatments of the yarn are 
described for lowering moisture absorption with consequent increase of 
air-dry tenacity. A similar strength result is accomplished when the yarn, 
spun in a semi-coagulated condition, is treated with H.SO, and NH,SO, or 
after full coagulation, with softening agents such as org. acids, ZnCl, 
SCNO or halogenated fat acids. (W) 


SWELLING AND MECHANICAL PROPERTIES OF NATURAL AND ARTIFICIAL CEL- 
LULOSE Fisres. W. Weltzien. Papier-Fabr., 1934, V. 32, P. 433-7; 
C. A., 1934, V. 28, Col. 7024; 1935, V. 29, Col. 4935. 
Natural fibres are characterized by their biol. structure, mixt. of cel- 
lulese constituents of different swelling abilities, resistance to soln. in 
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alkali, ete. In complete absence of O., cotton and ramie dissolved in 17.5% 
aq. NaOH to the extent of 10-15%; their strength was unaffected. In the 
case of artificial fibres, increase in alkali soly. decreases their wet strength; 
but their swelling ability, which is always greater than that of natural 
fibres, is governed primarily by the spinning process. The importance of 
their change in length with change in relative humidity, and the resumption 
of their original length on soaking in H.O after previous stretching, in mfg. 
a uniform product is discussed. Absence of stretch is essential to obtain 
uniform dyeing. (W) 


Woo.: Dors A CoRRELATION EXIST BETWEEN THE QUALITY OF—AND ITS 
CALCIUM AND SopiuM CoNnTENTS? R. Smit and J. Ph. Peper. Chem. 
Weekblad, 1935, V. 32, P. 65-8; C. A., 1935, V. 29, Col. 4947. (W) 


Woo. GRowTH: EFFECT OF THE RATION ON—AND ON CERTAIN WOOL 
CHARACTERISTICS. A. E. Darlow, V. G. Heller and W. R. Felton. 
Okla. Agr. Expt. Sta., Bull. 220, 1934, P. 3-24. 

Twenty-eight western wethers were divided into seven lots of four each 
and fed rations contg. different amts. of protein and cystine. Although 
the effect of ration on various phys. measurements of the fibres was incon- 
clusive, the data indicate that any ordinary balanced ration will allow sheep 
to produce wool which is normal both in quality and quantity. Even rela- 
tively unsatisfactory rations did not greatly influence the amt. or quality of 
the wool produced. The cystine content of the wool was relatively const. 
at 9.07-13.1%, and in the rations fed it varied from 0.0085 to 0.0553%, 
with total amts. consumed in the expts. of 4.9-20 Ib. It is probable that 


any ration that contains ample protein will contain ample cystine. (From 
C. A., 1935, V. 29, Col. 5662.) (W) 


X-RAY DIFFRACTION PATTERNS OF CELLULOSE PARTICLES AND INTERPRETA- 
TION OF CELLULOSE DIFFRACTION Data. Wanda K. Farr and Wayne 
A. Sisson. Contrib. Boyce Thompson Inst., 1934, V. 6, P. 315-21. 
Diffraction phenomena hitherto explained by the supposed existence 
of a micellar structure may be accounted for by the visible particles of 
cellulose occurring as units in young fibres and subsequently united by 
noneellulose cementing substances to form fibrils. In the latter the indi- 
vidual particles cannot be observed. (From C. A., 1935, V. 29, Col. 4573.) 


(W) 


II. Yarns AND FABRICS 


Corron: Drarrine. R. P. Richardson. Indian Tex. J., 1935, V. 45, P. 

208-10. 

The influence of fibre factors, such as grader’s length, mean length, 
modal length, effective length, weight, strength, elasticity, maturity and 
clinging power, and of process factors, such as doubling, roller setting, 
fibre number, twist, draft, speed and humidity, in the drafting of cotton 
is discussed. The differences between hand-spinning and roller drafting proc- 
esses are pointed out and some quantitative data for 30’s and 80’s yarns 





Abstracts 47 


are given. The conclusion is drawn that much of the ‘‘draftability’’ of a 
cotton depends on the regularity of its fibre properties, especially length, 
coupled with the quality of the drafting applied. (From J. 7. J., Aug. 
1935, P. A386.) (C) 


Corron Fasrics: FurRTHER STUDIES OF THE EFFECT OF SUNLIGHT ON THE 
STRENGTH AND CoLor or. Mary Anna Grimes. Div. Rural Home 
Rsch., Texas Agric. Exp. Sta., Bull. No. 506, May, 1935, 42 pp. 
Continuation of a previous study reported in Bulletin 474 (see Tez. 

Rsch., June, 1933, P. 424). The findings in this report confirm in general 

those in the previous portion of the study and supply data for 35 additional 

cotton fabries. (C) 


ELECTRICAL INSULATION BY TEXTILES. W. Furlonger. Tex. Mfr., 1934, 
V. 60, P. 463. 
Particular reference is made to wool and its comparison with other 
textiles. (W) 


DERMATITIS FROM TEXTILES: PRECAUTIONS AGAINST. V. D. Freeland. 

Tex. Mfr., 1984, V. 60, P. 459. 

Citation is made of various experiences with the affliction, with sug- 
gestions for its possible causes and treatments. A report is given of the 
no. of cases in the dyeing and calico trades in England from 1927 to 
1932, which shows a gradual increase. (From C. A., 1935, V. 29, Col. 4591.) 
(W) 


FinrEsS: PROSPECTS OF THE CONSUMPTION OF. Russina. Z. ges. Textil-Ind., 

1935, V. 38, P. 247-50, 283-5. 

A review is given of some of the properties of various textile fibres, 
with recommendations to the German textile industry to substitute artificial 
spinning fibres and rayons more and more for natural textile fibres. (From 
C. A., 1935, V. 29, Col. 5276.) (W) 


FINISHING ‘‘UNCRUSHABLE RaAyoNn’’ CiLotus. A. E. Cater. Tex. Mfr., 
1935, V. 61, P. 160-1; C. A., 1935, V. 29, Col. 4949. 


Finishing crepe cloths to reduce creasing liability is deseribed. The 
methods of testing resistance, properties of acetate silks, the function of 
crepe yarn and the benefits of calendering are cited. (W) 


Fisre-Bonp Finiso. Anon. Tex. Wid., July, 1935, P. 71. 

Gives advantages and results of tests for tensile strength and resistance 
to abrasion of cotton fabrics that had been treated by the ‘‘Fibre-Bond’’ 
process, the basis of the solution used being a combination of synthetic 
resins. Process can be used to add body, weight and thickness without 
sizing for finishing. Experiments are said to indicate that the process can 
be used to improve wearing qualities of wool goods. (C) 
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Minus Coton 1n TextitEs. II. J. M. Preston. Tex. Mfr., 1934, V. 60, 

P. 376-8. 

The concept of ‘‘minus color,’’ diagrammatically illustrated, is further 
developed in its application to fabrics and dyeings. In the great majority 
of cases, there is a white component in the light reflected from dyed fabrics 
and from pigments, where there is a similar mechanism to that discussed 
for fibres. This white component prevents obtaining of a perfect ‘‘minus 
color.’’ Sets, each of 3 colors of nearest approach to the ideal of ‘‘minus 
colors,’’ are stated for pigments and dyes of the acid, direct, indigosal and 
vat types. (From C. A., 1935, V. 29, Col. 4591.) (W) 


Moisture: Errect OF PROTECTIVE COATINGS ON THE ABSORPTION OF—BY 
GELATIN-LaTEX GaAS-CELL Fasrics. David F. Houston. B. 8S. J. 
Rsch., Aug. 1935, P. 163-72. 

The effects of six variations in protective coating on the percentage 
of moisture held at 21° C. (70° F.) and various relative humidities, and the 
rates at which this moisture is absorbed, have been determined by a static 
method for two light-weight gelatin-latex gas-cell fabrics. The two fabrics 
differed only in their content of gelatin (which was plasticized with poly- 
glycerol). A consideration of the absorptive properties of the fabric con- 
stituents, based on available data, and of the permeabilities of the materials 
surrounding the very hygroscopic gelatin layer, indicates that the combina- 
tion of these factors readily explains the moisture absorption relations of 
the completed fabrics. (C) 


III. CHEeEMicaL AND OTHER Processina (Not 
OTHERWISE CLASSIFIED ) 


TEXTILE ASSISTANTS IN CALICO PRINTING. Jas. R. Hannay. Tex. Mfr., 

1934, V. 60, P. 332-3. 

New chem. agents used in the processing of cotton and rayon are dis- 
cussed. It is claimed that the org. persulfonates of the general type 
ArS(0O,)OOH possess excellent wetting and cleaning properties with a mild 
bleaching effect and are particularly effective in removing brown and black 
motes due to the entanglement of seed husks and portions of leaf and stalk 
in the yarns. (From C. A., 1935, V. 29, Col. 4589.) (W) 


TexTILE Progress Durine 1934. A. J. Hall. Ter. Col., 1935, V. 57, P. 
111-13, 183-5. 
A review of the main developments in bleaching, dyeing, printing and 
finishing. (From C. A., 1935, V. 29, Col. 5276.) (W) 


TEXTILES: RARE Eartu METALS IN THE TREATMENT OF. A. J. Hall. Chem. 
Age, 1935, V. 32, P. 327-8; C. A., 1935, V. 29, Col. 4180. (W) 


Vat DyeEInG or Woot. Fritz Mayer. Monatschr. Textil-Ind., 1935, V. 50, 
P. 41-2. 
The requirements of a good vat dye are (1) possibilities of being able 
to be converted into a sol. reduction product with the absorption of H and 
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formation of a Na salt, (2) relationship of the reduction product to the 
fibre, (3) slight reversal of the reduction product to the original dye and 
(4) fastness of the dye on the fibre and avoidance of a fibre damage. These 
four requirements are discussed with reference to the dyeing of wool. Sp. 
dyeing directions are given. The advantages of wool vat dyeings over 
chrome dyeings are greater protection of the wool and better fastness and 
wear. (From C. d., 1935, V. 29, Col. 3521.) (W) 


WETTING AGENTS AND THE BoiLine or Corron. E. Marklen. Tiba, 1934, 
V. 12, P. 835-41, 923-9; 1935, V. 13, P. 19-23. 
A discussion showing that wetting agents cannot replace NaOH in the 
boiling of cotton and explaining the true function and the advantages of 
wetting agents. (From C. A., 1935, V. 29, Col. 3171.) (W) 


Woo.: AcTION OF SULFURIC ACID ON—AND THE CONDITIONS OF SCOURING. 
O. S. Khovanskaya. Trans. Butlerov Inst. Chem. Tech. Kazan, 1934, 
No. 2, P. 67-72. 

Various specimens of partly and completely scoured and refined wool 
were treated with standard H,SO, solns. under different conditions. The 
consumption of acid was detd. by titrating with KOH. The results show 
that the chem. consumption of H,SO, depends entirely on the wool fat 
content and its K and the mineral impurities. The adsorption of H,SO, 
varies chiefly with the grade of wool and is little influenced by the degree 
of fibre contamination. The two processes are completed in two hours in 
the cold and in 30 min. at 30°. (From C. A., 1935, V. 29, Col. 3521.) (W) 


Woot Dyreineg: NEw PRINCIPLE PROPOSED FoR. Anon. Am. Dye. Rptr., 

April 8, 1935, P. 171-4. 

Abstract of article in The Dyer, describing a process worked out in the 
laboratories of the Imperial Chemical Industries, Ltd., Blackley, Eng. 

‘*Dyeing may be carried on at a temperature of 140° to 176° F. and 
secure better penctration in a shorter time than may be obtained at a 
boiling temperature under the usual conditions of dyeing. The method con- 
sists of a controlled turbulence of the dye liquor which gives an agitation in 
the dye liquor which might be compared to the movement of a dye liquor 
being violently boiled at 212° F. The process is described by the origina- 
tors as a bombardment of the textile material by the dye liquor and air. 
The process is claimed to have many advantages over the older method and 
has created no little interest among dyers in England and gives promise of 
a decidedly new development in the technique of dyeing wool.’’ (C) 


Woot Scovurine: RECOVERY OF LANOLIN BY EXTRACTION FROM THE WASTE 
Waters or. M. Seryakov and N. Paramanova. Masloboino Zhirovoe 
Delo, 1934, V. 9, No. 5, P. 39-40; Chim. et Ind., V. 32, P. 1406. 


H,SO, is added to the weakly alk. waters to an acidity of 0.1-0.2%; the 
liquor is extd. with gasoline vapor in a special autoclave for 40 min. at atm. 
pressure, and then for 15-20 min. at a pressure of 4 atm. The resultant 
emulsion seps. into three layers. The bottom aq. layer (contg. about 0.1% 
fat) is discarded, the upper layer is distd. to recover gasoline and lanolin, 
and the intermediate layer is subjected to a further purification treatment. 
Up to 97-8% of the lanolin present in the waste water is thus recovered, 
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with simultaneous purification of the waters. (From C. A., 1935, V. 29, 
Col. 3522.) (W) 


Woo. DyEInG: NEW DISCOVERIES RELATING TO THE THEORY AND PRACTICE 

or. L. P. Rendell and H. A. Thomas. J. Soc. Dyers Col., 1935, V. 51, 

P. 157-72; J. T. I., Aug. 1935, P. A406; C. A., 1935, V. 29, Col. 5661. 

An extensive set of tests permits the following conclusions: (1) during 
the dyeing of wool with all classes of dyes, turbulent conditions of the dye 
liquor promote much more rapid and complete penetration of the material 
and exhaustion of the liquor than do quiescent conditions, (2) with most 
acid and chrome dyes and many direct dyes, superior penetration of thick 
wool material and exhaustion of the dye liquor occur at 80° with turbulence 
of the liquor promoted by air bubbling or vigorous ebullition at diminished 
pressure as compared with ordinary methods, (3) with vat dyes, superior 
penetration of material and a stronger shade result from dyeing in a tur- 
bulent liquor, at, below or above the normally recommended temp., (4) the 
phys. condition of wool as regards tensile strength and cuticular damage 
after dyeing at 80° in a liquor into which air is bubbled and which is boiled 
vigorously at diminished pressures is superior to that of wool dyed at the 
normal boil, (5) the main causes of the simultaneously increased rate of 
exhaustion and penetration appear to be differential hydraulic and hydro- 
dynamic pressures on either side of the fabric, whereby a reciprocating pump 
action of dye liquor through a fabric is induced, and the vibrations or 
pulsations of the turbulent liquor, which promote dyeing of the fibres, (6) 
contributory causes of beneficial dyeing results are good circulation of the 
liquor and with most dyes, an improved phys. condition and stability of the 
dye liquor and a local conen. of dye at the air-liquid interface, and (7) the 


application of air-bubbling in the manner described is a powerful aid to 
exhaustion and penetration, and must be controlled to give strictly level 
shades. Ideal conditions are a uniform bombardment over the whole surface 
of the fabric in such a manner that the direction of the pressure gradient 
through the felt is being continually reversed. (From C. A., 1935, V. 29, 
Col. 5661.) (W) 


STARCHES AND STArRcH Propucts. James W. Stallings. Am. W. & C. 

Rytr., Sept. 12, 1935, P. 11, 12, 33, 34. 

Describes microscopic characteristics of starches, the modification of 
starches, determination of viscosity, materials for warp sizing and for 
finishing. Importance of investigative analysis of new materials is em- 
phasized. The author expresses the opinion that in five or ten years as much 
attention will be given to research and control of sizing products as is now 
given to the art of dyeing. (C) 


SULFONATED OILS FOR TEXTILES. Raymond A. Pingree. Am W. & C. 

Rptr., Sept. 12, 1935, P. 18, 14, 32, 33. 

Part of a paper on ‘‘The Application of Soluble Oils in the Processing 
of Textiles,’’? presented before the American Oil Chemical Society. Ex- 
plains classes and characteristics of soluble oils used in dyeing, printing 
and finishing various kinds of goods, and explains some of the specifications 
that finishing oils should meet. States that ‘‘choice of materials for use 
in manufacture of finishing oils is not so important as are methods by 
which they are sulfonated and after-treated.’’ (C) 
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SYNTHETIC DETERGENTS: DISPERSING ACTION ON CALCIUM Soaps. K. 
Lindner. Leipz. Monats. Text. Ind., 1935, V. 50, P. 65-6, 94-5. 


The differences in properties between fatty alcohol sulphonates and fatty 
acid condensation products are briefly discussed and an account is given of 
investigations of the dispersing action of various commercial products on 
calcium soaps. Quantitative measurements were made with a Lange photo- 
electric colorimeter. Freshly-prepared calcium soaps of stearic and oleic acids 
are finely dispersed and finally brought into solution by solutions of a fatty 
acid condensation product, Igepon T, and of an unsaturated fatty alcohol 
sulphonate, Gardinol KD. In the case of calcium stearate, Gardinol KD is 
more effective than Igepon T. A sulphonate of a saturated fatty alcohol 
and a few other commercial products containing fatty alcohol sulphonates 
were also tested and found to be incapable of dispersing calcium soaps 
satisfactorily. Calcium soaps which had been dried could not be dispersed 
by any of the products tested. The importance of this observation for 
textile practice is discussed. (From J. T. I., Aug. 1935, P. A404.) (C) 


IV. RESEARCH METHODS AND APPARATUS 


APPARATUS FOR DETERMINATION OF UNSAPONIFIABLE COMPONENTS OF FATS, 
Ons, WAXES AND Fatty CoMPOSITIONS oF ALL KInps. Welwart. 
Seifensieder-Ztg., 1935, V. 62, P. 342-3; C. 4., 1935, V. 29, Col. 4959. 
The app. described isolates the unsaponifiable constituents from an aq. 

soln. of a sapond. fat, ete., by continuously and automatically extg. said 

soln. with petr. ether. The app. is especially suitable for routine labs. 

examg. fat products. (W) 


MouLp Funai: MoIstuRE REQUIREMENTS. L. D. Galloway. J. T. I., 1935, 

V. 26, P. T123-9. 

Thin viscose sheets were used as a substratum for the germination of 
spores and the incubation period or latent period for germination was 
measured for various fungi. Tests at different moisture contents and at- 
mospheric humidities indicate that the rate of germination is governed by 
the atmospheric humidity and not by the moisture content of the sub- 
stratum. Certain deliquescents are capable of causing increased liability 
to mildew, but the effect is much less than if all the extra moisture were 
available for growti and is here attributed to nutrient or stimulant action. 
The different mould fungi show considerable variations in moisture require- 
ments, the minimum relative humidity varying from 75% to 95%. Types 
with a low moisture requirement, and hence most liable to give trouble under 
moderate conditions of storage, include Aspergillus glaucus, Asp. candidus, 
Asp. versicolor and certain species of Penicillium. (From J. T. I., Aug. 
1935, P. A429.) (C) 


PUNCTURE STRENGTH TESTER: APPLICABILITY. M. Radlegger. Faserfor- 

schung, 1935, V. 11, P. 200-22. 

Schubert’s method and apparatus for determining the strength of yarns 
and fabrics by a puncture test are described and advantages claimed for the 
method are outlined. Results obtained are compared with those obtained 
with the ordinary Schopper strength testing devices. With yarns it is 
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shown that the puncture test generally gives higher values than the ordinary 
strength test. The force required for puncture depends not solely on the 
strength of the yarn, but also on the extension at the moment of break 
and in order to determine the strength it is necessary to measure the ex- 
tension or depression of the yarn and to apply a correction to the indicated 
puncturing force. The results are also influenced by the tightness of clamp- 
ing of the yarns. Similar results are obtained in testing fabrics. The 
values obtained by the puncture test are higher than those obtained by the 
ordinary strength test and approach the fibre strength values. The in- 
fluence of fabrie thickness and the nature of the weave is discussed. (From 
J. T. I., Aug. 1935, P. A419.) (C) 


SIZING AND CAPILLARY FLow: WHat I po Nor Know Anovut. R. M. Cobb. 

Paper Trade J., 1935, V. 100, No. 16, P. 42-5. 

A discussion of certain vital but unknown factors in sizing: contact 
angles and the laws governing penetration and swelling by fluids; the phys. 
state and position of sizing materials in the fibres; the raison d’étre and 
effect of internal and surface sizing; basis of water, grease, moisture and 
ink resistances. Some test methods are suggested or reviewed. (From 
C. A., 1935, V. 29, Col. 4578.) (W) 


Sizing: NEw PHYSICOCHEMICAL METHOD FOR DETERMINING DEGREE oF. I. 
I. Kovalevskii. Papier, 1935, V. 38, P. 139-58; C. A., 1935, V. 29, 
Col. 2353, 4578. (W) 


TEsTinG FoR MoIsTuRE CoNTENT IN CoTToN OR YARN. Intnl. Cotton Bull., 

April 1935, P. 377. 

The Electro-Psycrometer, a portable instrument operating on direct or 
alternating current, carries on a hand grip needles that can be thrust into 
baled cotton, yarn packages, ete. The pointer of a large quadrant on the 
instrument then registers a number, and this, on the chart for the fibres 
tested, shows the percentage of moisture content. The instrument is said 
to be guaranteed within 9.2% of accuracy. (C) 


WooLEN YARNS AND Fasrics: MopERN TESTING METHODS TO DETERMINE 
THE MECHANICAL PROPERTIES OF. H. Friedrich and P. Seidel. Mell. 
Textilber., 1935, V. 16, P. 206-9; C. A., 1935, V. 29, Col. 4947. (W) 


Woo. Fisres: MICROMETER CALIPER FOR MEASURING THE THICKNESS oF. 
Robert H. Burns. Wyo. Agr. Expt. Sta., Bull. 204, 1935, 36 pp. 


The use of the micrometer caliper is preferred to other methods for the 
measurement of the thickness of wool fibres. Micrometer measurements 
give a picture of the variability of fibre size with entire fibres as units, 
while cross-sectional methods alter the identity of the individual fibres. 
There is little if any crushing action in micrometer measurements. These 
measurements are approx. 1/10,000 of an in. smaller than those derived by 
the microseopic method. (From C. A., 1935, V. 29, Col. 5662.) (W) 








